The upsurge of abattoir operations as a result of the rise in demand for meat protein has led to a corresponding increase in waste generation. These wastes are often channelled into nearby streams with little or no treatment which exposes aquatic organisms to the resultant consequences of this waste deposition. This study was thus aimed at determining the physicochemical quality of some abattoir samples in Port Harcourt city. Soil, faecal matter, wastewater, waste blood and service water samples from the Iwofe, Rumuodomaya and Trans-Amadi abattoirs were collected within a period of one year and the pH, chemical oxygen demand (COD), biochemical oxygen demand (BOD 5 ), sulphate, chloride, temperature, nitrate, ammonia and heavy metals quantities including chromium, lead, zinc, cobalt, copper and cadmium were determined using standard Chikanka et al.; AJARR, 7(4): 1-12, 2019; Article no.AJARR.53411 2 techniques. The study recorded high BOD 5 and COD values from the blood, faecal matter, soil and wastewater samples while service water samples had values within the Nigerian Standard for Drinking Water Quality limits. Seasonal variations in the physicochemical parameters of the samples collected both in the wet and dry seasons were observed. The pH values ranged from 6.2-8.5, BOD 5 of blood, faecal matter soil and wastewater ranged from 2124-4349 mg/l while the COD ranged from 2715-8820 mg/l. In Rumuodomaya, the BOD 5 and COD ranged from 2276-2727 mg/l and 2583-3245 mg/l respectively while samples from Trans-Amadi abattoir had values for BOD 5 and COD ranging from 2253-4330 mg/l and 2931-4597 mg/l, respectively. Nitrate, chromium, cadmium, zinc, cobalt, lead and copper contents in the different locations varied statistically at α-0.05 while no significant difference was observed for pH, ammonia, temperature, COD, BOD 5 , sulphate and chloride contents at α=0.05. The BOD 5 and COD of waste blood, wastewater, soil and faecal matter recorded values that were above permissible limits for service water and therefore raises concern for the aquatic life being threatened by these effluents as the amount of dissolved oxygen available for them will be reduced as a pollution of the immediate environment, if these generated wastes are not treated before disposal.
INTRODUCTION
Abattoir activities generate huge amount of wastes through slaughtering of animals or livestock and processing of meat and byproducts (e.g. cow, goat, ram). The process is to optimize the recovery of edible parts from the meat processing cycle for consumption by humans [1] . However, a good quantity of secondary wastes are generated, and they appear as liquid, solid or gaseous substances which usually contains both organic and inorganic materials most of which are not suitable for consumption [2] . In most cases, slaughtering of animals is done in places with poor hygienic standard that have been polluted with blood and faecal materials, also with flies, birds and rodents invading the area afterwards thus making the meat vulnerable to spoilage and bacterial contamination. This may predispose the meat products to food poisoning in humans [3] .
Other sources of abattoir wastes are from the processing of the carcass, animal pens, bleeding, offal and by-products processing [4] . In several cases during processing, liquid wastes such as urine, water, blood, gut contents and solid wastes like bones, undigested material and in some cases aborted foetuses are also generated [5] . In Port Harcourt, these wastes are washed unto the soils which are subsequently washed into rivers through runoffs or storm-water during flash floods or torrential rainfalls. For example, wastes products from such activities in Trans-Amadi is channeled into River Okpoka, a feeder of the Bonny River [3] . Contaminated soils serve as both a reservoir for contaminants or a source of contaminants to the water column and organisms that live there. Because of the porous soil structures and permeable nature of the subsurface geologic formation and the shallow depth of water table of the Niger Delta region, the ground water bodies eventually becomes highly vulnerable to leachates from these wastes which find its way into boreholes, rivers, lakes, wells and other water bodies. The consequence is that water quality becomes deplorable and polluted and unfit for human consumption. Leachates containing dissolved organic and inorganic elements and compounds such as magnesium, potassium, sulphate, ammonium, calcium, sodium and heavy metals such as copper, cadmium, nickel, chromium, zinc and lead may also contaminate the environment thus altering the physicochemistry of the environment [6] [7] [8] .
Results of abattoir effluent pollution of the environment affect the physicochemistry and microbiology of the ground and surface waters. This may further result in the production of methane gas, carbon dioxide and organic acids due to the decomposition of abattoir wastes leading to greenhouse effect, thus defacing the aesthetic value of the environment [9] [10] . These effluents therefore, decrease the quality of air in the environment in addition to making effective environmental management a serious challenge [3] . These elements,. some of which are toxic to soil microflora may find their way into the environment leading to an increase in the quantity of these chemicals and subsequently, may cause changes in the status of the soil [6] . Depletion of oxygen content due to the accumulation of waste products in water may result to nutrient over-enrichment of the receiving environment [11] . Eventually when these wastes decompose and are washed into rivers, increased biological productivity due to the overabundance of nutrients such as nitrogen and phosphorus, thereby blocking light penetration which may lead to reduction in dissolved oxygen content causing eutrophication of rivers, estuaries, lakes and marine waters [9, 10, 12] and thus results in ecological imbalance in the receiving body of water [13] .
These wastes also deposit certain heavy metals that may be toxic and alter the physicochemistry of both soil and water bodies, since these wastes are often times emptied into water bodies (which in some cases are sources of water for drinking and other domestic purposes) with little or no pre-treatment to reduce the quantity of the pollutants. These elements in water may lead to chronic illnesses which may affect the respiratory or nervous systems. This study was thus aimed at determining the physicochemistry of wastes generated in abattoirs.
MATERIALS AND METHODS

Sampling Area
Samples for this study were collected from abattoirs within Port Harcourt which is one of Nigeria's busiest and most populous cities. The abattoirs included the Rumuodomaya, Iwofe and Trans-Amadi abattoirs. Trans-Amadi is an industrial layout in the city and hosts many of the companies in Port Harcourt city and has the largest abattoir. Its effluents are drained into the Okpoka Creek. The Creek passes through Woji, Oginigba and Azubiae where activities such as dredging, bathing, fishing, disposal of excreta, swimming and navigation are carried out. The Iwofe abattoir was established not too long ago (less than three years) while Rumuodomaya abattoir is much older than the Iwofe abattoir. Inhabitants of these areas are mainly traders, artisans, civil servants, fishermen and farmers. Table 1 shows the Global Positioning System (GPS) coordinates of the sampling points while Fig. 1 is a map showing the three sampling locations. The samples were collected within one year covering both dry and wet seasons.
Sample Collection
Water sample: water used in servicing the abattoir was collected using sterile bottles. The taps were allowed to run for 30 seconds from the water source before the samples were collected.
Faecal matter: Using sterile spoons, the cow faecal matter was scooped from the intestine of the animal aseptically and put in sterile sample bottles.
Blood sample: Using sterile syringes, waste blood sample from the cow was collected as it gushed out through the vein during slaughtering. Blood for physicochemical analyses were collected using sterile 1 L sample bottles.
Wastewater sample: One litre sterile sample containers were used to collect the wastewater as the carcasses were washed. 
Fig. 1. Map of Port Harcourt Metropolis showing the sampling points
Soil sample: Composite soil samples measuring 500 g were collected in sterile sample bottles with the aid of a hand soil auger at 0-15 cm depth.
Physicochemical Analyses
The physicochemical parameters of the collected samples analysed included pH, temprerature, nitrate, ammonia, chloride, sulphate, BOD, COD, lead, zinc, copper, cobalt, chromium and cadmium and these analyses were carried out using standard procedures listed in Table 2 .
RESULTS
Results
of the spatial variation of physicochemical parameters for blood, service water, faecal matter, soil and wastewater samples analyzed are presented in tables. The values obtained for service water were within the National Standard for Drinking Water Quality (NSDWQ) limits (pH ranging from 6.8-8.5, nitrate ≤50 mg/l, ammonia ≤1.5 mg/l, BOD 5 ≤5-7 mg/l, sulphate ≤100 mg/l and temperature <40°C). The study recorded high BOD 5 and COD values from the blood, faecal matter, soil and wastewater samples while service water samples had values within the NSDWQ standard. Table 3 shows the variation in the physicochemical parameters of the samples collected both in the wet and dry seasons from Iwofe abattoir. The pH values ranged from 6.2-8.5, BOD 5 of blood, faecal matter soil and wastewater ranged from 2124-4349 mg/l while the COD ranged from 2715-8820 mg/l; the parameters varied in the seasons. Table 4 shows the values of the physicochemical parameters of samples from Rumuodomaya abattoir studied. The BOD 5 and COD ranged from 2276-2727 mg/l and 2583-3245 mg/l, respectively. Quantitative variation was observed in the two seasons as well as in those in samples from Trans-Amadi abattoir ( Table 5 ). Samples from Trans-Amadi abattoir had values for BOD 5 and COD ranging from 2253-4330 mg/l and 2931-4597 mg/l, respectively. Table 6 shows the mean and standard deviation of each of the samples collected in the three locations. There was no significant difference in most of the samples analysed at a confidence interval of 95%; however, nitrate values for wastewater and service water varied significantly. Ammonia contents across the locations varied significantly with a mean value of 0.21. Chromium, zinc, cobalt, lead and copper contents of waste blood and service water in the different locations varied statistically; that of Cadmium for all the samples varied significantly.
DISCUSSION
Abattoir effluents often consist of blood, wash water (wastewater), intestinal contents and urine. The physicochemical characteristics of the samples showed variation in the samples. An alternative method of blood disposal from abattoirs involves dispensing them into water which is later recovered as concentrates and used as livestock feed, fertilizer and in pharmaceutical industries because of its high protein and nitrogen content which is about 18% [2, 14] . The values obtained for service water was compared with the Nigerian Standard for Drinking Water Quality (NSDWQ). Temperature is often determined by weather conditions. The temperature of the samples analysed in this study ranged from 26.4-32ºC for cow blood samples from Rumuodomaya and faecal matter from Iwofe abattoirs, respectively. This is in agreement with a study by Ire et al. [15] who recorded temperature values ranging from 27-30ºC in abattoir effluents from Port Harcourt. A similar study by Edori and Iyama however recorded higher temperature values ranging from 31.6-36.2ºC in soil samples [16] . The pH refers to the basicity or acidity of a sample and ranges from 0-14. The service water samples recorded a mean pH of 6.65 which is weakly acidic while the waste blood had a strong alkaline value of 7.63. This parameter is known to play a major role in the activities of microorganisms in any medium in terms of tolerance for optimum conditions. The waste blood samples were weakly alkaline while the water samples were weakly acidic. The difference in pH values between the service water samples and wastewater samples is in consonance with studies by Chukwu et al. who reported high pH in wastewater samples and low pH for service water from boreholes [17] . The pH values recorded in this study ranged from 5.90 for service water from Trans-Amadi to 8.64 for blood from Rumuodomaya abattoir. This is in consonance with a similar study by Ire et al. but differs with the reports of Edori and Iyama whose pH values ranged from 6.55-7.21 and 4.19-4.79 respectively in different abattoirs [15, 16] . Increased rate of wastes decomposition has been linked to low pH [18] , while accumulation of particles and dissolved materials contributes to increased pH [19] . The toxicity of ammonia is often increased at a high pH; whereas a low pH increases the toxicity of hydrogen sulphide and cyanide [20] . The toxicity of microbial poisons in water is also affected by pH changes [21] . pH is important as it determines the functioning of almost all hormones, enzymes and proteins controlling growth, metabolism and development and also in chemical reactions linked with the alteration, formation and dissolution of minerals [22, 23] .
The life of any body of water depends to a large extent upon its ability to maintain a certain amount of dissolved oxygen, which is needed to maintain aquatic life. For example, without dissolved oxygen, fish suffocate and normal aquatic organisms are destroyed. This situation creates an imbalance in the ecosystem. Biochemical Oxygen Demand refers to the quantity of oxygen needed by bacteria for the Lead Atomic absorption spectrophotometry APHA (1995) 10 Zinc Atomic absorption spectrophotometry APHA (1995) 11 Copper Atomic absorption spectrophotometry APHA (1995) 12 Cadmium Atomic absorption spectrophotometry APHA (1995) 13 Cobalt Atomic absorption spectrophotometry APHA (1995) 14 Chromium Atomic absorption spectrophotometry APHA (1995) 5 and COD of 2500 mg/l and 5240 mg/l, respectively were recorded in the abattoir effluents [15] . Treatment of these effluents and processing of the blood into blood meal (a huge protein source) also reduces the quantity of wastes generated and this may help reduce organic pollution [2] .
Heavy metals including copper, chromium, lead and zinc present in the abattoir samples were also reported by Dauda et al. in wastewater from an abattoir in Minna, Nigeria [27] . The inhalation of smoke from vehicle exhausts and roasting of cow skin during processing of the meat in the abattoir and consumption of meat and its products may led to the presence of lead (Pb) in the cow blood as these cattles are moved from one place to another in search of green pastures. Also possible air droplet contamination during sample collection may have also contributed to their presence. Quantities found in water may be as a result of anthropogenic activities such as the disposal of lead-containing wastes as well as smoke from burnt fuels.
Student t-test analyses carried out showed that significant differences were observed in the nitrate, zinc and copper values of the analysed samples across the three locations. These variations may be as a result of the difference in sanitary conditions and water quality of the abattoirs. No significant differences were observed in the BOD 5 and COD of the analysed samples; this may be as result of these livestock having a common origin before they are sent to the different abattoirs. The slight differences observed in the physicochemical parameters monitored during the wet and dry season may be associated with the continuous rainfall observed even during the dry which has made it difficult to differentiate between wet and dry seasons.
CONCLUSION
Physicochemical analyses of abattoir samples contaminated with abattoir-generated wastes were carried out in this study to determine the strength of pollution by the waste substances. The blood, faecal matter, soil and wastewater samples collected from Iwofe, Rumuodomaya and Trans-Amadi abattoirs in Port Harcourt city were analysed. From this study, faecal matter, blood, soil and wastewater samples recorded high BOD 5 and COD when compared with the service water samples. Subsequently, deposition of these untreated wastes into the environment is capable of altering the natural condition of the soil and nearby streams leading to organic pollution. The heavy metal concentration of the samples were low, however, continuous generation of waste materials from abattoir activities and disposal of these wastes indiscriminately may increase the quantity of heavy metal concentrations overtime thereby exposing aquatic animals to high concentrations of these metals and possibly cause lethal effects. These results show the danger associated with the deposition of untreated abattoir wastes into the environment as a potential source of pollution and may eventually result in the ecological imbalance of the receiving water bodies. Therefore proper management and treatment of these wastes is important in reducing pollution of natural environments.
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